348

BECTH. MOCK. YH-TA. CEP. 2. XUMUS1. 2009. T. 50. Ne 5

YIK 546.11.027*3:547.992:631.81

TPUTUEBASI METKA — YHUKAJIbHBIA THCTPYMEHT JJISI
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MeToa0M TepMHYeCKOif aKTHBALMY TPUTHS MOJTyYeH Psi/i MeuyeHbIX T'YMHHOBBIX BelllecTB. Bbico-
Kasl yieJbHasi pa/IH0AKTHBHOCTb M PAIHOXUMHUYECKasl YHCTOTA M03BOJIMJIN TPOBECTH MPsIMOe oMpe-
AejieHUe THAPO(OOHOCTH T'YMUHOBBIX BellleCTB, MX IOBEPXHOCTHOIf AKTUBHOCTH, 4 TAKKe H3YyYUTh
NoBe/ieHHe TYMHHOBBIX BellleCTB B 0aKTepHAX H pacTeHUsX.

KirwueBble ciioBa: mpumuﬁ, medenvie coe()uHeHu;z, cYMUHOeBble seujecmeda.

MeueHHbIE TPUTHEM COEIUHEHHS HALUIM IIHPOKOE
NPUMEHEHHE B pPEIlIeHUH MHOTMX Hay4yHBIX 3aj]ay, TakK
Kak TPUTHH 00JamaeT YHUKAJIBHBIMH SAepHO-(pu3mdec-
KHMH CBOWCTBaMHU (MakCHMallbHas SHEprusi Oera-usiy-
yenus 18,6 k3B, nepuon nomypacnana 12,3 rona). Tpu-
THUI MOJKHO BBECTH TPAKTUYECKH B JIFOOYIO OpraHMdec-
KyI0 MOJIEKY1y, paboTa ¢ MEYEHHBIMH TPUTHEM Bellle-
CTBaMH He TpeOyeT 4Ype3BhIYalHBIX MEp paJualliOHHON
3alWThI, a yIeNbHas PaJNO0aKTUBHOCTh COSTUHEHHS, CO-
JIeprKaIlero OUH aToM TPUTHS Ha MOJIEKYIY, COCTaBIIs-
er 1,07 Tbx/Momb.

CoBpeMeHHBIE HCCIIEIOBAHUS CIOKHBIX MPUPOIHBIX
00pa3oBaHMi BBIIBUTAIOT 0cOOble TpeOOBaHUS K Mede-
HBIM BellecTBaM. Takue oOpa3oBaHMs cOIEpXkKaT CIOXK-
HBIE CMECH MaKpOMOJIEKYJI TIEPEMEHHOIO COCTaBa M He-
PETYISIPHOTO CTPOCHUS, M JUI MX OMMCAHUS HCIIONB3YIOT
MHTETPAJIbHbIE XaPAKTEPUCTHKHU, TO3TOMY ISl U3YUSHHUS
MOIO0HBIX OOBEKTOB C MOMOIIBIO PaIIOAKTHBHON METKU
TpeOyeTcsi Hen30uparelIbHOE BBEACHUE TPUTHS M €ro
paBHOMEpHOE pacHpe/ieleHue M0 KOMIIOHEHTaM O00BeK-
ToB. [Ipu 3TOM mpouenypa BBEJEHUS METKU AOJIKHA
OBITh YHHBEPCAILHOM, 2 MEUCHBIN Mpernapar JOJDKEH I0J-
HOCTBIO COXPaHSTh CBOWCTBA MCXOIHOTO.

[TpumepoM CHOXKHBIX TPUPOTHBIX 0Opa30BaHUU SIBIISI-
torcsi TymuHOBbIe BermectBa (I'B). OtnuuutensHOM oco-
OenHocThi0 ['B siBisieTcst croxacTUuecKui XapakTep,
00yCITOBIIEHHBIN 0COOCHHOCTSMH WX O0Opa30BaHUS B pe-
3ynbTare oToopa OMOTEPMOJMHAMUYECKHA YCTOHYMBBIX
ctpykryp. K dynnamenransueiM cBoiictBam ['B oTHO-
CSITCSL HECTEXHOMETPUYHOCTh COCTaBa, HEPETrYISIPHOCTh

CTPOEHUSI, TeTEPOr€HHOCTh CTPYKTYPHBIX 3JIEMEHTOB U
nonuavcnepcHocTh. [lo cBoelt xummueckoil npupone ['B
MIPE/ICTABIISIOT COOOM HEPETYISIPHBIE COTIOIMMEPHI apo-
MaTHYECKUX OKCHUITOJIMKApPOOHOBBIX KHCIIOT C BKJIFOYEHU-
SIMH @30TCOZICPKAILMX U YIIEBOAHBIX (hparMeHToB. Takoe
CTpoeHHe (Haluure KapKacHOM 4YacTH, T.e. apoMaruyec-
KOTO YIJIEPOTHOTO CKeJIeTa, 3aMELIEHHOIO aTKWIBHBIMU U
(yHKUIMOHAIBHBIMU TPYTIIIAMH, CPeM KOTOPBIX Mpeolia-
JIAl0T KapOOKCHIIbHBIE, THIPOKCHIIEHBIE U METOKCHIIBHBIE,
U nepudepuIecKoil 4acTH, 00OTallleHHON MONHCaXxapHaHbI-
MH U HOJMNENTHIHBIMA (PparMEeHTaMu) SIBJISIETCS OOLIMM
it ['B sro0oro mpoucxokaenust. OOImenpuHsTas Kiac-
cuduxaiysa ['B ocHoBana Ha mporeaype ux (ppakimoHu-
poBanusi. I'B moapaszienstor Ha TyMUH (HEPacTBOPUM BO
BceM nuanasone pH), rymmunossie kucnotsl (I'K, Hepa-
crBopuMsl nipu pH < 2) u dympBokucnorsl (DK, pactso-
pumbl Bo BeceM auanazoHe pH). Ilocnennne nBa kimacca
OOBEMHSIOT O] OOLMM Ha3BaHHEM T'YMYCOBBIE KHCIIO-
Thl. JTa CXeMa JOIOIHACTCS MHOIJA TAaK)Ke BbIJICICHH-
eM rumaroMenaHoBbix kucioT (I'MK), oTnenseMbix Bo3-
JercTBreM Ha celpoit ocanok 'K stanonom.

B Hnacrosmee Bpems Bo BceM MHUpe HaOmronaercs
MOBBIIIEHHBIN UHTEpeC K I'B, coBepIlIeHCTBYIOTCS TEXHO-
JIOTUM TPOM3BOJICTBA, paclIUpsieTcsl ChipbeBas 0asa, B
KOTOPYIO BOBJIEKAIOTCSI BCE HOBBIE BHUJIbI yIyieH, TOp(OB,
claHueB, nenonaoB. Hanbosblnee pacnpocTpaneHue ry-
MHUHOBBIE TpenapaThl MOJIYYMIA B PACTEHHEBOJICTBE Kak
Oe3omacHasi ¢ TOYKH 3PEHUS OKpPY’KalOIIeH Cpeabl ajb-
TepHaTHBA YIOOPEHUSAM U B PAIE CIy4aeB MECTULMIAM.
MHoro4ucieHHbIe UCCIEI0BaHMS MTOKA3aJIM, YTO TYMHHO-

1 2
®daxynprer nouBoseacHus MI'Y um. M.B. JlomonocoBa, Unctutyt 6moxumun uMm. A.H. baxa PAH, “UucturyTt opranuyec-

kot xumuu uM. H.JI. 3enunckoro PAH.
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BbI€ COEIMHEHMsI OKa3bIBAlOT CTUMYJMpPYIOLIEE NEWCTBHE
Ha pOCT M PA3BUTHE PACTEHUI W TOBBIMAIOT X YCTOW-
YUBOCTh K HEOJIArONMPHITHBIM (HDaKTOpaM OKPYIKaIoIIeH
cpenpl. [Ipu cucremarnueckoM HCIOJIB30BaHUM IIperapa-
TOB YIIy4YIIAeTCsl TIOYBEHHAsI CTPYKTypa, OydepHble H
MOHOOOMEHHBIE CBOWCTBA MOYBBI, aKTUBU3UPYETCS Aes-
TEJIbHOCTh ITOYBEHHBIX MUKPOOPIaHU3MOB, MUHEpAJIbHbIE
3JEMEHTBI TIEPEBOJSTCS B JOCTYIHYIO ISl pacTeHUU
(dopmy. OcobOro BHUMAHHS 3aCITy)KHBAIOT aJIalTOICHHBIC
cBoiictBa I'B, 00yciioBIE€HHBIE X CIIOCOOHOCTBIO CBSI3bI-
BaThb PAJMOHYKIIHU/IbI, HOHBI TSHKEIBIX METAJUIOB U KCEHO-
OnoTnku. ['yMHHOBBIE TIpemaparsl MOBBIMIAIOT CHOCO0-
HOCTh pacTeHHMH MPOTUBOCTOSTH OOJE3HSM, 3acyXe, mepe-
YBIQXKHEHUIO U JPYTUM HEOJIAronpusiTHBIM yCIOBUSM
OKPY’KaIOIIeH CpeJibl.

['ymuHOBBIE TIpenaparsl MIPUBJIEKAOT BHUMAaHUE CIELH-
IMCTOB W JAPYIMX OOJIACTEH, TAKMX KaK MEIUIMHA, K-
BOTHOBOJICTBO, PEKYJIBTHUBALIMS 3arps3HEHHBIX Cpell U Ap.
[Ipumenenue I'B orpannunBaercst B HacTosIIee BpeMs
HEJIOCTaTKOM HCCIICIOBAaHHM, TIOCBSILEHHBIX TPOOIeMam
KOJIMYECTBEHHOTO OMMCAaHUsS CTPYKTYphl M CBOMCTB I'B n
MexaHu3MaM Hx jedctBus. OnuH U3 Haubolee mepcrek-
TUBHBIX IyTE€H PEUICHUS ATOH MPOOJIEMBI — IOTyYeHHE
pPaauoakTUBHO MeueHblx ['B.

B nocnennue roasl Ha Kadenpe paauoXUMUU XUMH-
yeckoro (axynsrera MI'Y umenn M.B. JlomonocoBa
METOJ] TEPMUYECKON aKTHBAIIMU TPUTHS OBUT aganTHPO-
BaH JJs BBeleHus TputueBod metku B I'B. [lns peruc-
Tpauuy U3JyYeHHUsS TPUTHS HCTIONB30BAU KHUJIKOCTHYIO
CUMHTHJUISILMOHHYIO CIIEKTPOMETPUIO C MPUMEHEHHUEM
MeToJia CHUHTHIUIMpYoei ¢asbl [1] u aBTOpaamnorpa-
¢un [2], 9TO MO3BONMIIO M3YYUTH TUAPOPOOHOCTH U TI0-
BEPXHOCTHO-aKTUBHbIE CcBOicTBa I'B, a Takxke ux B3au-
MOJIeHiCTBHE ¢ OaKTEpUsSIMHU U PACTEHUSIMH.

Ilonyyenne MeyeHHBIX TPUTHEM I'YMHUHOBBIX
BellecTB

Meuennbie Tputuem I'B ([3H] I'B) nonyuanu mero-
JIOM TEepPMHUYECKON aKTMBALMM TPUTHSA. DTOT METOJ HO-
3BOJISIET MPOBOJUTH MPSIMOE BBEJECHHE W30TOMA TPUTHS B
CJIO’KHBIE CMECH OPTaHMYECKHX COCIUHEHUH U B Hau-
OOJTBIIICH CTEMEeHN OTBEYaeT TaKMM TPEOOBAHUSM TIOINY-
YeHHsI MEUYEHBIX COCJMHECHHH, KaK Hen30MpaTesbHOe BBE-
JICHHE TPUTHS U €ro paBHOMEPHOE paclpesieleHue 1o
KOMIIOHEHTaM OOBEKTa.

Mpl nokasaiu, YyTO ONTUMAJIbHbBIE YCIOBHS Ul BBE-
JIeHdsI TpuTueBoM MeTku B I'B meTooM TepMmudeckoit
aKTUBaLMU crenyromue: Macca mumienu 0,3-0,5 mr;, Tem-
neparypa aromuzaropa 1900-1950 K, naBnenue rasza B
cucteme 0,5 Ila u Bpemst Bo3zzerictBust 10 ¢ [3]. Bo Bpe-

Msl pEeaKIUU ¢ aTOMaMH TPUTHS MHIIEHb OXJIaKIaIH
JKUIKAM a30TOM. OYHCTKY MOJy4aeMOro MEUEHOro mpe-
napaTa MpOBOJMIIM C MOMOILBIO PABHOBECHOTO THAIN3a,
HAMpaBJIEHHOTO HA YJaJIeHUEe TPUTHS U3 JaOWIbHBIX IOJIO-
xenuit (OH, COOH u NH,).

C yBenMYeHHEeM Macchl MUILIEHU CHWXKAJIACh YJIeIbHAs
PaMOaKTUBHOCTb. JTO CBA3aHO C TE€M, YTO B PEAKLUIO
C aroMaM# TPUTHUSl BCTYHArOT TOJBKO MOJIEKYJIbI, HAXO-
JISIIIMECs] Ha MOBEPXHOCTH MUILIEHH, [TOCKOJIBKY TPH JIHO-
¢umzanun I'B oHu 00pa3yloT IJIOTHYIO MHILIEHb C He-
Pa3BUTON MOBEPXHOCTHIO, MATONPOHHUIIAEMYIO Ul aTo-
MOB TPUTHS.

VYBenuueHue BpeMEHU peaklUy TakkKe MPUBOAMUT K
CHIDKEHHIO BBIXO/A [3H] I'B u3-3a gecTpykuuu MoBepx-
HOCTHOTO CJIOSI MHUILEHU [0/ JACWCTBUEM TOPSYHX aTO-
MOB. MosipHasi paiiOaKTUBHOCTb [3H] I'B yBenmuuBa-
€TCsI C POCTOM TEeMIIEpaTyphbl aTOMHU3AaTOpPa U JOCTHTaeT
Makcumyma 1ipu 1900—1950 K. HeoOxo MO OTMETHTB,
YTO JaJIbHENINee YBEIMUEHUE TeMIepaTypbl aTOMU3aTo-
pa MPUBOIUT K YBEIMUCHUIO 0Opa3oBaHUs MOIH(DUIIPO-
BaHHBIX MEUYECHBIX MOJIEKYJ, CIIEACTBHEM YErO SIBUIOCH
CHIDKEHHME BBIXOJIa OCHOBHOI'O MPOIYKTa. AHAJIOTHYHBIH
BHJI TEMIIEPaTypHOH 3aBUCMMOCTH HaOIr0maeTcs s
WH/IMBHTyaJIbHBIX BENMIECTB — KOMIOHEHTOB ['B [4].

W neHTUYHOCTh MEUEHHBIX TPUTHEM IpEernapaToB Hc-
XOITHBIM TIPOBEPSIT METOIOM SKCKIIFO3MOHHOW Telb-Xpo-
Marorpaguy ¢ OJJHOBPEMEHHOW NETEKIMEeH 10 paJnoax-
TUBHOCTU U Y®-normomenuio nipu 254 um. Kak BuaHo u3
puc. 1, reiab-xpoMaTorpaMMsl [3H] I'B u I'B, ucnons3o-
BaHHBIX JUIS MOJIyYeHHs MEUYEHOTrO Iperapara, COBMaja-
0T MeXay co00il. DTO CBUIETEILCTBYET O TOM, YTO
BBE/ICHHE METKM HE MPUBOJUT K MOJHOM WM YaCTUIHOU
nectpykuud I'B wim ux 3HaunmMomy m3menenuto. C apy-
roil cTopoHsl, HaMM OblIa TaKXke MPOAEMOHCTPHUPOBAHA
UACHTUYHOCTh TelIb-XpPOMATOTPaMM MEUEHHBIX TPUTHEM
I'B nipy neteknmu 1o pajioakTUBHOCTH U Y®-nonone-
Huto (puc. 1). Ha ocHOBaHWHM 3TOro HamMu OBLT CIENaH
BBIBOJ] O PaBHOMEPHOM BBEJCHHUH METKH BO BCE CTPYK-
TypHBIE (pparMeHTEHI.

VhenbHas pagroaKTUBHOCTh MOJMYyYaeMbIX HpernapaTroB
[3H] I'B m3mensiercs B nmanazone or 0,14 go 0,63 Thi/T,
YTO 3HAYUTENIHHO MPEBBIIIACT 3HAUYCHUS IS MOTy4aeMBbIX
JIPyTUMHU criocobaMu [3H] I'B (0,01-0,07 Tbx/r) [5, 6].
Crnenmyer OTMETUTh TaKXe, YTO JOCTOMHCTBOM pa3pabo-
TAHHOTO METOZa SIBJISCTCS BOBMOXKHOCTH TOYUYEHHS IIpe-
rapaToB [3H] I'B, naentuuynbix ucxoausiM ['B, Torma
KaK TPH MCIIONb30BAaHUM JIPYTUX METOJOB BBEJICHMS pa-
JIMOAKTUBHOM MeTkH B I'B mpowcxomut mMopudukanus
nocnennux [6—9]. Hanpumep, npu tputupoBanuu OK c
TTOMOIIBIO [3H]NaBH4 uMenia MeCTO MOAU(UKAINS HC-
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Puc. 1. Ilpodunu Beixoma I'B (ma mpumepe 'K topda): a — meyenoro mpenapara no Y®O-nornouieHno
(IyHKTHUP) U 110 paIMOaKTHBHOCTH (CIIIOIIHAS JIMHUS ); 6 — UCXOAHOTO (ITYHKTHP) ¥ MEYEHOTO (CILUTONTHAS
JIMHUS) IPenapaToB Mo YD-1orIomeHno

XOJIHOTO BEIECTBAa — BOCCTAHOBJIEHHE KapOOHUJIOB B
COCTaBe KETOHOB M XMHOHOB [6].

[IpoBeneHHBIH KOPPETANMOHHBIA aHAIU3 MEXAY
cBoiicTBamu mpenapaTtoB ['B u ynenbHON paamoakTuB-
HOCTBIO ITOJTy4aeMBbIX [3H] I'B mokaszan oTCyTCTBHE
B3aUMOCBSI3M MEXJy ITUMHU MapaMeTpaMu. ITO CBH-
JIeTEIbCTBYET O HEM30UpPaTeIbHOM BBEACHUHM TPUTHS U
YHHUBEPCATBHOCTH MPEAJIOKECHHOTO TOAX0A MOTYUYCHHUS
MeueHHbIX TputueM ['B.

Hcnosab30BaHne TPUTHEBOM METKH JJIsl U3yYeHUS
CBOMCTB T'YMHHOBBIX BellleCTB

BaxuelmMu cBOMCTBaMU, BO MHOTOM ONPEIEIISIIO-
IIUMU OMOJIOTUYECKYH0 aKTMBHOCTb OPTraHMYECKUX COEIH-
HEHUH, SBISTIOTCS THAPOGOOHOCTh M IMOBEPXHOCTHAS aK-
TUBHOCTb, TAK KaK UMEHHO OT 3THX IapaMeTpoB BO MHO-
TOM 3aBHUCHT CIOCOOHOCTH BEIIECTB B3aMMOJEHCTBOBAThH
¢ OuonormyeckuMu MeMOpanamu. OJHAKO JI0 HACTOSIIE-
IO BPEeMEHHU MpPSIMOE OIpe/esIeHHe YKa3aHHBIX CBOMCTB
I'B ObutO 3aTpyIHEHO B CBS3M C MpOOieMaMy MX aHAJH-
TUYECKOTrO JIeTeKTUpoBaHus. biarogaps Bo3MOXXHOCTH
OIpesieNieHns] HU3KUX KOHIeHTpauuii I'B B nmpucytcTBun
JIPyTUX OPTraHWYECKUX COCAMHEHHM, HCIOIb30BAaHUE [3H]
I'B mo3Bosinio BHepBble NPOBECTU KOJIUYECTBEHHYIO
OIICHKY THJIPO(HOOHOCTH M TIOBEPXHOCTHOW aKTHBHOCTH
I'B. lnsa onpenenenust ykazaHHbIX cBoiicTB I'B ucmnomns-
30BAJM KHUAKOCTHYIO CHMHTWUISIIMOHHYIO CHIEKTPOMETPHIO
TPUTHS B BapHaHTe CHUHTHIUMpYomen (aser [1].

C nomonipio MeueHHbIX TputhueM ['B u MeToma cums-
TWUTPYIOMIEH (a3bl ObLTH ONpeneneHbl Ko3(h(PHUIUESHTHI

pacnpenenenus I'B Mexay BOAOH M TOIYyOJIOM, a Takxke
HaliZieHa BelIW4MHA afcopOLMu Ha TpaHuIe paszena ¢as
JIBYX JKMIKOCTEH. 3aBUCMMOCTb PaBHOBECHOW KOHIIEHTpa-
muu ['B B opranudeckoil (haze oT WX KOHIICHTpAIUH B
BOJIHOM (ha3e MMesa JIMHEHHBIA XapakTep, YTO TMO3BOJIHIIO0
paccunTaTh KO3((UIMEHTHl paclpeieeHnus uccienye-
MBIX BEIIECTB MEXAy BOJIOH M Toiyonom (K ) [10].
Bennuunel K, nexanu B AMana3oHe OT O,3><10_3 (K
TIOYBKI) JI0 3,7x10° (T'K ymis). Tak xax ams1 Xapakrepu-
CTUKH THAPO(GOOHOCTH BEIIECTBA MPHHSATO HCIIOIH30BATH
KO3(D(UIUEHT pacIipe/ieNICHHsT MEXTy OKTAHOJIOM M BOJIOW
(K,,), TO C TIOMOILIO MEUEHHBIX TpuTHEM I'B ObLin
OTIpeNIeNIeHbI COOTBETCTBYOIME Kodddurmentsl. Haiine-
Ha XOpOoIIasi KOPPeIsIys MKy STUMH KOI(DPUIMCHTAMH:

Ig K., =096xIg K 0,66 (= 0,96).

Takum 00pa3oM, ¢ TOMOMIbIO METO/A CIHHUHTUIUIUPYIO-
el ¢dazpl U [3H] I'B MoxHO moiy4daTh KOJIMYECTBEHHBIE
xapakTrepucTuku ruapododHoct I'B. MbI mokazanu, 9to
runpodobHOCTh I'B yBenmmumBaercs B ciemyromem mo-
pszke:

®K mouB <I'K mouB <I'K toppa =~ ®K toppa <T'K yrs.

C moMOIIBI0 METO/Ia CIIMHTHILTUPYTOIEH (a3bl ObUTH
HOJy4eHbl H30TepMbl aicopouuu I'B Ha rpanune pasaena
TOJIyON—BOJIa. YIeNbHas pallOaKTUBHOCTh [3H] I'B oxka-
3aJ1ach I0CTAaTOYHOMU JUIS TOCTOBEPHOTO OIPEIEIICHHUS KO-
nuuectBa I'B Ha rpanune paszaena ¢a3 B 1uana3oHe KOH-
neHTpanuu B BogHou daze 0,1-100 mr/n. B 6onbmmacTBE
CIIy4aeB U30TePMbI a1COPOLIMHU IPUHAIEeKAIH JISHIMIO-
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Puc. 2. U3orepmsl ancopbumu I'B Ha mexdasnoli rpanuiie Boga—
tonyon: / — 'K topda, 2 — K topda, 3 — 'K yra

poBckomy trity (puc. 2). [Ipn yBennueH KOHIIEHTPAITHH
npemnapara B BojiHo#M daze B auamazone ot 0,1 q0 5,0 mr/n
Ha01I0a710Ch OBICTPOE YBETMUYEHUE KOJIMYECTBA a7cop-
OMpoBaHHBIX MeYeHBIX MosieKys B Ha rpanuie pazaena
Tomyod/Bona. [Ipu kornenTparmuu ot 20 10 60 Mr/11 mpouc-
XOJIMJIO HACBIIIIEHUE aICOPOILIMOHHOTIO CJIOsI, U P J1alb-
HeHIIeM yBeIMYEeHIH KOHIICHTPAIIUH BEIIECTBA B BOAHON
¢aze xonndyecTBo Monekya I'B Ha rpanuiie pasaena npak-
TUYECKH He MeHsUT0Ch. Bennunna npenenbHoi agcopOum
[, J€Xkana B npenenax or 0,08 Mr/m” (@K mouBsI) 10
2.8 Mr/™m° (K ropda). Ha ocHOBaHMM poJ1eT1aHHBIX IKC-
MNEPUMEHTOB ObLT OJTYYEH s U3MEHEHUH TOBEPXHOCT-
HOW aKTUBHOCTH UCCIIEI0BAaHHBIX IpenapatoB I'B, koTo-
PBIH BBIIVIAIUT CIEAYIOIMM 00pa3oM:

®K nouB < ['Knous < I'K yrs < @K topda < I'K Topda.

IIpu comocraBieHNN BEIHYHH MPEICITFHON a1copOImm
I'B co 3HaueHHSIMU HX CPEIHEBECOBOI MOJEKYJISIPHON
Macchl M, OBIIO yCTaHOBJIEHO, YTO MPU yBEIHYEHHU
M, nmpenenbnas ancopbuus I, - Takxe BO3pacTaer
[11]. AHamu3 NOMYyYEHHBIX JAHHBIX MOKa3ajl, YTO JIOIOJI-
HUTEIBHBIM (PAaKTOPOM, BIUSIOMNM Ha aacopOmmio I'B
Ha MeX(pa3HOH MOBEPXHOCTH, SBISIETCS TaKas XapakTe-
puctuka cocraBa I'B, kak aromHoe otHomenune H/C.
Oka3ajaoch, 4TO BEIMYMHA MaKCHMAaJIbHON aicopOrun
I[',.c THHEHHO cBA3aHa ¢ npoussenenuneM M x(H/C),
YTO HATJSITHO TIPENCTaBIeHO Ha puc. 3. CiemxyeT oTMme-
TUTb, YTO HCCIIC/IOBaHHbIC Mpenaparsl ['B oOpasyror jaBe
xopotro paszueneHHsie rpymmsl. Tak, I'B Topda n yrs
JIOKAaTCsl Ha OAHY KOPPEISIIMOHHYIO 3aBHCHMOCTB, a Tpe-
naparsl ['B mouB — Ha npyryro. Takoe pasnuune B aj-
COpOLIMOHHBIX CBOWCTBaX MOXKET OBITH CBSI3aHO C TEM,

yto ['K Topda m ymis oboraieHsl MpeaenbHbIMA JKUP-
HBIMH KUCJIOTAMH M WX TIPOM3BOIHBIMH, KOTOPBIE CIIOCO0-
HBI 00pPa30BBIBATh ACCOIMATHI C APOMATHICCKUMH yTIIe-
Bojiopoaamu [12].

Hcnonb3oBaHue TPUTHEBOH METKH JJIs1 U3YYECHUS
B3aUMO/1eiiCTBUSl TYMHHOBBIX BellleCTB ¢ OHOJIOTH-
YeCKUMH 00beKTaMH

Hammaue B I'B xak ruapodoOHBIX, TaKk ¥ THAPOIIIH-
HBIX (pparMeHTOB OOYCIIOBIMBACT UX MOBEPXHOCTHO-AK-
THUBHBIC CBOMCTBA W MEMOPAHOTPOITHYIO aKTUBHOCTH [ 13—
15]. Cnocobnocts I'B BcTymars Bo B3amMoneicTBHE ¢
OHOJIOrMYecKUMHU MeMOpaHaMHU YCTaHOBJIEHA Al pUTO-
riaHkToHa [15], sxabepHbIx KieTok pbi0O [16], Oakrepuit
[17, 18], rpuboB [19] u pacrenmii [20]. PaznooOpasue
UCIOJIb30BAHHBIX aBTOpPAaMU OOBEKTOB IMO3BOJISET CHE-
JaTh BBIBOJ, 4TO copOiws I'B Ha Omonormuecknx memo-
paHax — MIMPOKO paclpOCTpaHEHHBIN mpouecc. Tem He
MEHee CYLIECTBYIOT TOJbKO €IMHHYHbIE paOOThl, MOCBS-
IIEHHBIE €0 KOJIMYECTBEHHOMY OIMCAHUIO, a PabOTHI,
MTOCBAIIEHHBIE OIIEHKE NMOCTYIUIeHNs | B B KIIETKH, Mpak-
TUYECKH OTCYTCTBYIOT [21]. B nmanHoil pabore MedeH-
Hble TpuTueM ['B ucnonb3oBamu Ui U3ydeHUs] U KOJIH-
YECTBEHHOT'O OIMUCAHMS UX B3aMMOJCUCTBUS C OaKTepHsi-
MH U PACTEHHSIMHU.

[Tpu m3yvenun B3ammoseictBus I'B ¢ GaktepusiMu B
Ka4eCTBE MOJIENIM MCIOJIb30BAIM TPaMM-OTPHUIIATEIIbHBIC
Oaktepun kuieyHol nanouku E. coli XL1 ¢ Terpanuk-
JIMHOBOM ycTOMUYMBOCTHIO [22]. TlomydeHHble pe3yasTarhl
MO3BOJIMJIM TIOKA3aTh JIMHEMHYIO 3aBUCHMMOCTD IOIJIONIE-
Husi I'B OakrepuanbHbIMU KJIETKaMU OT KOHLIEHTPALUN
I'B (puc. 4) u yctaHOBUTb, 4TO (HAKTOPHI OMOHAKOTLICHHS
I'B GakTepusiMu KHUIIIEYHOW MATIOYKH U3MCHSIOTCS B JH-

r._ ., mr/m?
MaKC

1 8 12 16 20
M, (H/C)

Puc. 3. 3aBUCUMOCTD BETMYMH MaKCUMAIbHON a1cOpOLIUH
I'B na rpanuue pasaena ronyon—soaa (I, ) oT xapakre-
puctuk I'B: 7 — I'B topda n yns, 2 — I'B nous



352

BECTH. MOCK. YH-TA. CEP. 2. XUMUS1. 2009. T. 50. Ne 5

amasone ot 0,9 mo 13,1 w/kr. ITo crmocoOHOCTH B3anMO-
JIEHCTBOBATh C YKUBBIMU KJIETKAMHU HCCIICIOBAHHBIC TIPE-
napatel ['B 00pasyroT cieayrommii psit:

@K nous < K Topda <T'K mous <T'K ymust = 'K Topda.

IIpumenenue [3H] I'B BriepBbIE MO3BOJIWIO TIOIYYHTH
9KCIIEPUMEHTAJIbHBIE JO0Ka3aTeabcTBa nocrymieHus I'B
BO BHYTPHKIIETOUHOE IpocTpaHcTBO. Kommuectso I'B,
MPOHUKHYBIIUX Yepe3 MeMOpaHy, JIS)KUT B JHUAIlla30HE
23—167 mr/kr kietok, yto coctaBiseT 20 u 100% ot
oOmiero xonmuyecTtBa noromeHHbIX ['B B cnyyae ['K u
O®K coorBercTBenHo. ComnocraBienue cBoiicts I'B ¢
napamMeTpaMM MX B3aUMOJEHCTBUS I10KA3aJ10 HAJIWYUE
3HAYMMOMN KOPPEJSILIMOHHONW B3aMMOCBSI3M MEXKIY KOJI4e-
ctBoM I'B, mocTynuBIIMX B KIIETKY, H TOBEPXHOCTHON
akTuBHOCTHIO ['B:

B =49x[_ +28 (¥ =095).

TI0CT MakcC

Takum 00pazoM, MOTyuyeHHbIE Pe3yNbTaThl BIEPBbIE
MOKA3aJIM BEYIYIO POJIb IOBEPXHOCTHOM akTuBHOCTUA ['B
B ONpE/ICICHUN MX B3aWMOJCUCTBHSI C >KUBBIMU KIIETKA-
Mu. ljig npoBeAeHHs 3KCIEPUMEHTOB C PAaCTEHUSMU B
Ka4eCTBE TECT-OOBEKTOB HCIOJIF30BAIN MPOPOCTKH MST-
Koi mmreHuIBl Triticum aestivum L. [23]. Tlocme skcmo-
HUPOBAaHUS pacTEHUUN [3H] I'B pacturenbHbie 00pa3ibl
nozBepraiy aBropaauorpaduu. KommgecTBeHHbIN aHAN3
ABTOPAJAMOTrPAMM IPOBOAMIIM C UCTIONB30BAHUEM IOJIXO-
Jla, PEKOMEH/IOBAHHOTO B padote [24].

Ha ocHoBaHMM MpOBEIEHHBIX HMCCIIENOBAHUN OBLTH TI0-
Jy4eHbI KOJIMYECTBEHHBIE XAPAKTEPUCTUKHU IMOTJIOUICHUS
I'B pacreHusiMH U yCTaHOBJIEHO, YTO MaKCHUMaJIbHasl CKO-
pocth momnomieHuss I'B m3mensercss B quamazoHe oT 6
no 54 mr/kr 3a 1 4. Pe3ynprarel aBTOpaguorpadun
(puc. 5) mokazany HepaBHOMEPHOCTH pactpesencaus ['B
B pacTeHusxX: I'B NpenMyIecTBEHHO HaXONWIHCh B KOp-

I'B_, MI/Kr KjIeToK
nona

200
150
100
50

0 ES ' 1 1 1 1 1

0 10 20 30 40 50

Crpy M2

Puc. 4. Ilornomenue [3H]—FB KJeTkamu Oakrepuii E. coli (Ha
npumepe ['K yrms)

/{

Puc. 5. 3nauenus ontuueckoil mnorHocty D pa3HbIX yacTeil KopHel U
1mo0eroB pacTeHUil NIIEHUIB! mocie B3aumoneicTeusa ¢ I'K yrs
[3H]7CHA7P0w u ®K Box [SH]fAHAfSR. DKCIIO3UIHA: KOPHH

5 cyt. 10 mun, moberu 1 cyT. 20 1 30 mun

HSX, TOIZa KaK B MOOErH MOCTYNaJl0 3HAYUTEIbHO MEHb-
1iee MX KOJMYECTBO. YUWThIBAs, YTO ONTUYECKAs IIJIOT-
HOCTh D Ha aBTOpaJMOrpamMMax MpsIMO MPOTOPIHOHATIBHA
KOHLIEHTPAIIMM METKH U BPEMEHH SKCHO3MIMH, ObLIO pac-
CUUTAHO OTHOILIEHHE KOHIleHTpauuil I'B B KOpHAX K KOH-
neHtparuu ['B B moberax kak OTHOIIEHWE 3HAYCHWUN OII-
TUYECKOM TUIOTHOCTH B 3THX YacCTAX PAaCTEHHA, HOPMHUPO-
BaHHOE Ha BpEMsl HKCIIOHUpOBaHUsA. B uccienoBaHHBIX
YCTIOBUSIX yKazaHHOe OoTHoreHue cocraBmwio 40,7+0,3 mis
I'K ymis u 1012 qns K Bon, T.e. xonnentparus ['K u
O®K B moberax B CpefiHEM MpEBbBIIIAa TAKOBYIO B KOP-
wix B 40 u B 10 pa3 coorBercTBeHHO. C y4eToM Macchl
KOpHEH M T0OEroB pacTeHHid ObBUIO PacCUMTaHO, YTO B
KOPHSIX akkymynupyetcs B 22 pasa Oomnbiie ['K yrms,
gyeM B moberax; g @K aHagorHyHBIN MOKa3aTellb Co-
crtapun 5. TakuMm 00pa3om, MOJTyUYECHHBIC PE3YJIBTATHI
CBUJIETENLCTBYIOT O ToM, uTo DK crocoOHbI mocTynarh
13 KOpHEW B HAJA3EMHBIE OpraHbl pacTeHUi B OoJbIeH
crernenu, yeMm ['K.

Ha ocHOBaHHHU MOJIy4EHHBIX aBTOPAaJUOIPaMM YCTa-
HOBJICHO, 4TO pactpezaeneHue ['B mo kopHsaM u nmoderam
TaKK€ HEOIHOPOIHO: B AlMKAIBHBIX YaCTIX KakK KOPHEH,
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Tak U 1o0eroB HaOIIOMAETCs JIOKAJIBbHOE yBEIUYECHUE
koHnenTpanun ['B. O0paboTka aBTopagmorpaMm IoKa-
3aJjla, 4TO ONTHYECKasl IJIOTHOCTh B KOHYMKAX KOpHEH
MpEBBIIIAET TAKOBYIO B CPEJIHEM I10 BCEMY KOPHIO B
2 pa3a; aHAIOTHYHOE OTHOIIEHHE JUIS TTOOErOB COCTaBH-
mo 8 (Tabmura).

Takum o6pa3oM, Mbl pazpaboTanu MeTO[ MPSMOTro
BBEJICHHSI M30TOIa TPUTHA B I'B pazmmMyHOro MpoMCcXox-
JICHHS C MOMOILBI0 TEPMHUUYECKON aKTUBAILMH. DTOT Me-
TOJ] TIO3BOJISIET MOJy4aTh MeueHHble TputueM ['B, oTBe-
YalolMe OCHOBHBIM TNPEbIBISIEMbIM TPEOOBAHMSM, a
MMEHHO: HEeM30MpaTelbHOEe BBEACHHUE H30TOIA; PABHOMED-
HOE pacrpe/esieHue M30TOIa M0 pa3HbIM (ppakuusM Be-

I1€CTBA; YHUBEPCAJIBHOCTh MPOLEAYPHl U COXpaHEHUE
CBOMCTB MCXOAHOTO Tpenapara. [IpogemMoHCTprUpOBaHHbIE
B paboTe MPEerMYIIECTBa MPEIIOKEHHBIX PaJHOXUMUIEC-
KHX IOAXOJOB K MOJYYEHUIO MEUYeHHBIX Tputuem ['B
OTKPBIBAIOT HMIMPOKHWE MEPCHEKTUBBI JJISI U3YUCHUS
CBOICTB M NMOBEACHMSI B OMOJOTHUYECKUX CHUCTEMax HE
Toibko ['B, HO M APYrHX MPUPOAHBIX MOJIUMEPOB CIOXK-
HOTO CTPOEHUSI U NEPEMEHHOIO COCTaBa.

ABTODPBI BBIPAX)aroT 0JaroJapHOCTh KaHI. XHM.
Hayk B.1O. [To3nusikoBoii, E.1O. benseBoii (xumuueckuit
¢daxymerer MI'Y um. M.B. JlIomoHOCOBa) W JOKT. OHOII.
nayk O.B. Koposesoit (macTutyT Onoxumrn M. A.H. baxa
PAH) 3a momoris B MpoBEJCHUH Psijia AKCIIEPHUMEHTOB.

OnTHyeckne NJI0THOCTH D pa3siuyHBIX YacTeil KOpHeil U 100eroB pacTeHnii NIIEHUNBI OCJIe
B3aumojeiicTeus ¢ I'K yriisi u @K Boa. dxenosunus: kopHu 5 ¢yt 10 mun, moderu 1 ¢yt 20 4 30 mun

Kopuu [ToGern
ugpp I'B
KOpHH areKChl Dynexca/ Drcopun nobderu areKChl D anexen! Progern
I'K yros 0,38+0,02 1,06£0,03 | 2,8 0,02£0,01 | 0,14£0,01 | 9,7
OK Box 0,4340,02 0,5240,02 1,2 0,05+0,01 | 0,33+0,01 | 7,0
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THE TRITIUM LABEL AS THE UNIQUE INSTRUMENT FOR STUDYING
THE BEHAVIOR OF HUMIC SUBSTANCES IN NATURAL SYSTEMS

G.A. Badun, N.A. Kulikova, M.G. Chernysheva, Z.A. Tyasto, V.I. Korobkov,
V.M. Fedoseev, E.A. Tsvetkova, A.I. Konstantinov, A.V. Kudryavtsev, 1.V. Perminova

(Division of Radiochemistry, Division of Organic Chemistry)

Humic substances of different origin were labeled with tritium by means of thermal activation
technique. High specific activity and radiochemical purity of labeled materials allowed direct
estimation hydrophobicity and surface activity of humic substances as well as studying their
behavior of in biological systems such as bacteria and higher plants.

Key words: tritium, labeled compounds, humic substances
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